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Back ground and Summary of the Invention 
invention pertains to ground fire mapping, and in particular, to a 



5 system and method for creating a selected, isothermal, perimetral outline for a fire which 
outline can be plotted on a transparency sheet suitable for registered overlay of a related 
topographic map. 



thermal imaging camera and related control equipment to produce a data stream which 
10 is selectively linked to a chosen isothermal temperature or range of temperatures. By 
identifying certain temperatures that indicate important fire activity at the boundary of 
a fire, and by acquiring, for example by flying over a fire, several such data streams 
relating to different important temperatures, it is possible according to the invention to 
create a perimetral outline of current fire activity with thermal information which is most 
15 useful to the team fighting the fire. For example, there may be certain perimeter areas 
where a fire is actually creeping under ground but not visible to the eye -- creating a 



condition which firefighters must know about if they are to apply their resources in the 
most judicious and effective way. Conversely, there may be other areas on the perimeter 
of the fire where, despite visual information, in truth, significant fire activity has subsided, 
20 and people and equipment can accordingly be diverted from such an area for use where 
more help is needed. Other perimeter conditions may also be useful to note specifically. 



extremely current and accurate information about the character of a fire^s perimeter, in 



The novel features of the invention take advantage of the capability of a 
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By the use of the present invention, a fire-fighting team can be given 
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a fashion suitable for overlaying, in proper scale, and with proper registry, on a 
topographic map of the fire area. Loran (latitude/longitude) information, also acquired 
with thermal information by the system and method of the present invention, enables 
such overlaying capability. 

These and other objects and advantages which are achieved and offered by 
the present invention will become more fully apparent as the description which now 
follows is read in conjunction with the accompanying drawings. 

Description of the Drawings 
P Fig. 1 is an aerial view illustrating the perimeter outline of a ground fire, 

and showing, not to scale, and not in a precisely located position, a rotary-winged aircraft 
which acts as a "platform" for carrying the equipment used according to the invention for 
capturing related thermal, visual and positional data. 

^ f Fig. 2 is a simplified block diagram illustrating the organization of a 

preferred embodiment of the system of the invention. 

Fig. 3 is an aerial view of the same fire shown in Fig. 1, with stretches of 
the perimeter illustrated with different line characteristics to illustrate depiction of the 
fire, as an output of the system, with selected isothermal temperatures highlighted on the 
perimeter. 

Fig. 4 is a view illustrating a plot of the outline shown in Fig. 3 prepared 
on a transparency which is overlayed, in proper scale, and with proper registry, onto a 
topographic map of the area where the fire is occurring. 
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"t> C---CX lAC Detailed Description of , and Best Mode 

for Carrying Out, the Invention 
P Turning attention now to the drawings, and referring first of all to Fig. 1, 

indicated generally at 10 is an aerial view of a ground fire with the current active 
5 perimeter of the fire shown generally by a single, unbroken line at 12. Overflying this 
fire in appropriate multiple passes to acquire data, in accordance with the method and 
system of the present invention, is a rotary-winged aircraft 14 which is not shown in scale 
relative to the area embraced by perimeter 12. Aircraft 14 typically flies at an altitude 
of about 50- to about 150-feet above the ground surface. It is on board this aircraft, 
10 which acts as a moving support platform, that the data-acquiring components of the 
system of the present invention are carried for the purpose of building a suitable cache 
of recorded data which can be employed to generate a useful fire-perimeter outline 
indicating selected isothermal characteristics. 

As was suggested earlier, there are several categories of perimeter fire 
15 conditions which indicate quite useful information to firefighters. For example, an 
b isothermal temperature of around 25° C indicates what might be thought of as a firei^ 

containment condition, namely, one which does not require people and equipment to 
6 attend. An isothermal temperature of around 50° C is usually an important indicator 

of buried heat - a condition with the fire probably advancing nonvisibly under the 

13 

20 8 ground surface cover. An isothermal temperature of around 100° C indicates a kindhng- 
point condition where fire either has just started or is just probably about to start. An 
b isothermal condition at a temperature of around 150° C normally illustrates an opens? 
flame condition. Naturally, these several isothermal temperatures are just indicative of 




conditions which fire-fighting personnel might wish to know about. The exact levels of 
isothermal activity which different observers might wish to use may be different than 
the above, and the system of the invention permits such selection. In addition, one 
choosing to look at such isothermal conditions might wish to choose, not just a fire 

5 condition exactly existing at a selected isothermal temperature, but rather at a condition 
which lies within a selected range of temperatures centered around a selected isothermal 
level. The system and method of the present invention permits this kind of activity also. 

As will become apparent in the description which now follows that more 
fully describes the system and method of the invention, and as was suggested earlier 

10 herein, an important final output product is a transparent-overlay perimeter map which 
3 shows, by different outlining characteristics, such as by different colors, regions of a fire's 
perimeter which are characterized by the selected, "key" isothermal conditions that an 
operator has chosen for noting. This overlay, which the system is capable of producing 
in proper scale for proper registry with a related topographic map, is used by a fireo 

15 fighting commander quickly and accurately to deploy people and equipment at necessary 

and critical fire points. 

Switching attention now to Fig. 2 in the drawings, the overall system of the 
invention is shown generally at 16. System 16 includes a thermal camera 18, a thermal 
controller 20, a thermal monitor 22, and a thermal and Loran (Loran-C) recorder 24. 
20 Camera 18 and controller 20 are referred to herein collectively as thermal datae 
acquisition apparatus, and recorder 24 is also called thermal and latitude/longitude data£? 
recording apparatus. These units are commercially available units, and in the system now 
being described, camera 18, controller 20 and monitor 22 are made by AGEMA Infrared 



Systems, a Swedish-headquartered company whose U.S. counterpart is located in 
|3 Secaucus, New Jersey. Each of these units is sold under the Model No. 870. Recorder 
24 is a commercially available unit supplied by Technology Projects, Ltd., Tempe, 
B Arizona, is sold under the trademark PATHLINK, and bears Model No. PR-2000. 
5 Recorder 24, as provided, includes four channels for the inputting of thermal data, and 
according to the system and method of the invention, operatively, connectively interposed 
recorder 24 and controller 20 is an appropriate four-position switcher, or switching means, 
which is operable under user control to direct thermal imaging data from the output 
(output means) of controller 20 in the thermal apparatus selectively toward any one of 
10 the four inputs so provided by recorder 24. This switcher is shown at 26 in Fig. 2. 

Camera 18 and controller 20 collectively are capable of outputting, from 
controller 20, and selectively, different thermal-image data streams which are 
differentiated by specifically different isothermal characteristics. More particularly, an 
operator can adjust, via conventional control of controller 20, the specific isothermal 
15 temperature, or isothermally-centered-temperature range of temperatures, which, at any 
given point in time, is output by the controller. 

Further included in system 16 are an optical (herein a video) camera 28, 
> a special effects unit 30, and a video recorder 32. The optical camera now used by me 

in system 16 is made by Hitach^ €efper ati«ft^ef-„ ^ t v u ^ _ , and bears Model No. 

20 KPC 500- the special effects unit 30 is made by Panasonic Industrial Company of 
O 

Secaucus, New Jersey, and bears Model No. WJ-4600C; and video recorder 32, which is 

& 

part of a camcorder unit, is made by Sony Corporation and bears Model No. CCD-5P7. 
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Camera 28 and recorder 32 together are referred to as an optical data-acquisition 
subsystem. 

Special effects unit 30 interconnects cameras 18, 28, controller 20, monitor 
22 and recorder 32 in such a fashion that appropriate synchronization exists between 
information derived by camera 18 and by camera 28 to permit, both, proper common^ 
time-base overlayed viewing (thermal and optical imagery) on monitor 22, and common^ 
time-base overlayed recording on recorder 32. 

All of the system components which have so far been mentioned are 
preferably carried on board a fire-overhead, moving platform, such as aircraft 14, along 
with yet another unit, shown at 34, which is a conventional LORAN-C receiver, also 
referred to as latitude/longitude data-acquisition apparatus. Receiver 34 herein is made 
by the Morrow 4l=€©*pe¥atieft^of 5ft)»m Ofiey^ and bears^erial- No. 612 BCV. 
This receiver acquires latitude/longitude positional information from the well-known 
LORAN-C navigational satellite system, and outputs, via an appropriate output terminal 
(output means), a data stream providing such information to an input in recorder 24, 
which information is automatically, via operation of recorder 24, switched internally for 
simultaneous recording on whichever channel is then being fed thermal information from 
controller 20 via switcher 26. 

Completing a description of system 16, operatively couplable to recorder 24, 
but preferably stationed at some suitable ground station (other than on board aircraft 14) 
is a data reader and analyser (reading and analysing means ) 36 which herein is a 
conventional piece of equipment also made available by Technology Projects Ltd., also 
0 sold under the trademark PATHLINK, and bearing Model No. PCI-100. The output of 



this analyser is coupled to the control input of a conventional multi-color, X-Y, graphics 
plotter, indicated at 38, and in system 16, I have successfully used for such a plotter 
one made by Ioline Corporation in Kirkland, Washington, sold under the Model No., and 
f) trademark, LP 3700. 

5 Explaining how the system of the invention performs, during the flying over 

of a fire, flight takes place in several passes, typically three or four, generally above what 
can be observed to be the apparent perimeter of the fire. Both cameras in the system, 
are activated. The operator of the system, using visual observation and experience, and 
pre-selection of the several isothermal temperatures, or ranges thereabout, which he or 

10 she desires to record as making up the fire's perimeter, periodically throughout the 
various flight passes adjusts the thermal data-acquisition system, through adjustments 
made in controller 20, so that this system, at any given point in time, outputs from 
controller 20 to unit 30 and switcher 28, a thermal-image data stream which is related 
specifically to the selected isothermal temperature or range. For each such temperature 

15 or range, and system 16 as disclosed herein accommodates four, the operator selects the 
position for switcher 28 which directs the selected thermal-image data into a prechosen 
related one of the four recording channels provided in recorder 24. 

Unit 30 coordinates synchronized presentation of optical and thermal video 
data to monitor 22 and simultaneously to recorder 32. The system operator can, via 

20 monitor 22, see an optical display of the ground passing beneath, and overlayed thereon, 
an isothermal presentation of the fire character (heat character) of whatever portion of 
the visible fire line has a fire characteristic fitting within the chosen isothermal 



parameter(s). Recorder 32 simultaneously records on tape, or on other suitable recording 
media, similar overlayed imagery. 

All of the while that this is occurring, the appropriate selected channel in 
recorder 34 is recording, on a common-time basis, the selected isothermal information 

5 passing through switcher 28, as well as latitude/longitude positional information furnished 
via receiver 34. From the output mentioned earlier from recorder 24, latitude/longitude 
positional information is furnished for simultaneous recording, for later viewing review, 
on the media used by recorder 32. 

As flight over the fire perimeter continues, the operator switches selectively, 

10 through operation of controller 20, to different ones, and as illustrated herein, all, of the 
four, possible, chosen isothermal characteristics of the fire line, simultaneously selecting 
the appropriate position for switcher 28 to direct, for each of the different selected 
isothermal characteristics, thermal-image data to the appropriate, associated recording 
channel in recorder 24. When a change is made in the current selection of isothermal 

15 information, the operations of recorder 24, recorder 32 and monitor 22 are as described 
$ initially hereinabove, vis-a-vis (1) recording thermal-image and latitude/longitude 
positional information in recorder 24, (2) recording latitude/longitude positional 
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information as well as overlayed thermal and optical information in recorder 32, and (3) 
presenting overlayed thermal and optical information on monitor 22, with the recorded 
20 and presented thermal information at any given time relating directly to the then 
selected-to-be-viewed isothermal condition of the fire's perimeter. 

After all data has been acquired to the satisfaction of the operator, the 
aircraft returns to the station where analyser 30 and plotter 38 are located, the analyser 

c. 



is suitably coupled to recorder 24, and the analyser then extracts and analyses, from each 
of the four recording channels in recorder 24, the stored data which it then analyses to 
create a control signal for plotter 38 which is capable of creating an isothermal plot 
outline of the viewed fire's perimeter. 

For the purpose of illustration herein, a highly idealized situation is 
illustrated in Fig. 3 to show how such a plot might appear. Here, the fire and its 
perimeter are shown, as earlier, at 10 and 12, respectively, with these having essentially 
the same overall shapes illustrated in Fig. 1. In Fig. 3, perimeter 12 is divided into four 

stretches, 12a, 12b, 12c, 12d, which are represented by different line characteristics to 
' / / / / 

reflect differentiated isothermal fire conditions existing in these stretches. In Fig. 3, 
stretch 12a, which is illustrated by a large-dash dashed line extends between markers 
40, 42, and can be imagined herein as depicting an isothermal temperature condition of 
around 25° C. Stretch 12b, which is illustrated by a dash-double-dot line extending 
between markers 42, 44, can be imagined as illustrating an isothermal condition with a 

temperature of around 50° C. Stretch 12c, which is depicted with a short-dash dashed 
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line extending between markers 44, 46, can be imagined to represent a fire-perimeter 

isothermal temperature of around 100° C. And, stretch 12d, which is shown with a 
dash-dot line extending between markers 46, 40, can be imagined to reflect an isothermal 
perimeter fire condition of around 150° C. These temperatures are, of course, the ones 
mentioned above, which an operator might choose in using system 16. 

Plotter 38 is capable, under control of the signal supplied by analyser 36, 
to create a plot like that shown in Fig. 3, with the various perimeter stretches mentioned, 
that are depicted between the bounding markers, printed in different colors which can 
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readily and quickly be interpreted to indicate the specific isothermal conditions being 
illustrated. One should recognize in reading this description that where the term 
"isothermal" is used it is intended in the sense that what may be depicted may in fact 
focus entirely on exactly the chosen isothermal temperature, or, in the alternative, on a 

5 range of temperatures (also selected) which substantially, centrally brackets a chosen 
isothermal condition. 

Plotter 38, via its commercially available design, and under the control of 
analyser 36 is capable of preparing, in a conventional manner, now, on a transparency 
a plot like that shown in Fig. 3 which will have the appropriate scale, and which will be 

10 marked for correct positional registration for interpretive overlay on a related topographic 
map. 

Turning attention to Fig. 4, such a map is shown at 48, with a transparent 
overlay prepared by plotter 38 shown at 50 including registration marks, like those shown 
at 52, 54 provided on the overlay for assisting in proper registered placement of the 
15 overlay on the map. Fire perimeter 12, appearing in the transparency with color- 
differentiated isothermal stretches, illustrates to a fire-fighting command team exactly 
3 what is going on, fire-wise, along the fire's perimeter, and exactly where it is occurring 
relative to the actual ground area as depicted by the underlying topographic map. 

From the description and discussion which has been given above, it should 
20 be apparent to those skilled in the art that the novel system and method of the present 
invention offers a unique opportunity for assisting greatly in informing ground firefighters 
how best to deploy people and equipment to bring a fire into containment. The 
invention offers a great deal of versatility, in that it allows a system operator to select, 






freely, various isothermal conditions which may be of interest at different given points 
of time to aid in firefighting decision-making. The disclosed system and method are, of 
course, not limited to the selective presentation in a plotted outline of only four different 
isothermal conditions or ranges. Modifications of the system, and implementation 
thereof, can involve the selection of more or less isothermal conditions, as desired. The 
proposed system is convenient and easy to use, is easy to transport in a moving platform 
over a fire, and is capable of providing extremely current and accurate decision-making 
information to a fire-fighting team. 



the invention have been disclosed herein, with certain modification possibilities 
mentioned, other variations and modifications are certainly possible, and may be made, 
without departing from the spirit of the invention. 



Accordingly, while a preferred embodiment of, and method of practicing, 




